Globular clusters (GCs) are the most ancient stellar systems in the Milky Way. Therefore, they play a key role in the understanding of the early chemical and dynamical evolution of our Galaxy. Around 40% of them are placed within ∼ 4 kpc from the Galactic center. In that region, all Galactic components overlap, making their disentanglement a challenging task. With Gaia DR2, we have accurate absolute proper motions for the entire sample of known GCs that have been associated with the bulge/bar region. Combining them with distances, from RR Lyrae when available, as well as radial velocities from spectroscopy, we can perform an orbital analysis of the sample, employing a steady Galactic potential with a bar. We applied a clustering algorithm to the orbital parameters apogalactic distance and the maximum vertical excursion from the plane, in order to identify the clusters that have high probability to belong to the bulge/bar, thick disk, inner halo, or outer halo component. We found that ∼ 30% of the clusters classified as bulge GCs based on their location are just passing by the inner Galaxy, they appear to belong to the inner halo or thick disk component, instead.
INTRODUCTION
The orbital evolution of globular clusters (GCs) in the Galaxy, combined with kinematics and stellar population analyses, can provide important information to decipher the history of our Galaxy. In Bica et al. (2016) 43 clusters were selected as related to the bulge component based on their location. Recently, Bica et al. (2019) compiled 200 GCs in the Galaxy, adding new entries such as the recently detected ones in the Vista Variables in the Via Lactea (Saito et al. 2012 ) survey by Minniti et al. (2017a,b) . By including confirmed GCs plus candidates, the number rises to 294 objects, thus reducing the lack of the Galactic GCs with respect to M31 (Caldwell & Romanowsky 2016) .
The stellar population components in the Galaxy have been under scrutiny in the last decades. The Galactic disk and halo are well established, and the existence of a thick E-mail: mperez@iag.usp.br disk is increasingly more confirmed. As for the Galactic bulge configuration as an entity, it still is under definition. In early work, a sample of metal-rich GCs with a flattened distribution were identified as disk GCs by Zinn (1980 Zinn ( , 1985 . The properties of this disk system of metal-rich GCs were described by Armandroff (1989) , to have a scale height between 0.8 to 1.5 kpc, a rotational velocity of 193 ± 29 km s −1 , and a line-of-sight velocity dispersion of 59 ± 14 km s −1 , concluding that these parameters are consistent with properties of thick-disk stars. Later, Frenk & White (1982) , Minniti (1995) , and Côté (1999) deduced that metal-rich GCs within 3 kpc from the Galactic center, should be associated to the Galactic bulge rather than to the thick disk, based on kinematics, spatial distribution and metallicity.
The Galactic bulge formation is under study in several contexts. Barbuy et al. (2018a) list the following possible scenarios: a) bulge and thick disk were formed early on simultaneously through strong gas accretion; b) hierarchical merging of subclumps; c) merging of early thick-disk sub-clumps; d) a major merger; e) secular evolution of the bar; f) dwarf galaxies accretion. There is also the hypothesis of the oldest stellar populations in the Galactic bulge to be seen as an extension of the inner halo in the innermost Galaxy.
The dynamical properties and their orbits provide further information that would help allocating the objects to a given stellar population. With the recently available Gaia Data Release 2 (DR2; Gaia Collaboration 2018a), the investigation of cluster orbits is made timely. Previously this kind of work was attempted for the bulge clusters, by Dinescu et al. (2003) . More recently Pérez-Villegas et al. (2018) and Rossi et al. (2015b) derived proper motions and orbits for 9 inner bulge clusters.
In the present work we study a sample of bulge GCs, plus the intruders or outsiders from Bica et al. (2016, their Tables 1 and 2) . In order to compute orbits, reliable radial velocities, proper motions, and distances are needed. Radial velocities, that can only be derived from spectroscopy, are still missing for about a dozen of these clusters, making that 78 of them can be studied. The dynamical parameters perigalactic and apogalactic distances, maximum height from the plane and eccentricity, are derived such that their appartenance to different Galaxy components are identified.
In Sect. 2 the sample and available data are described. In Sect. 3 the Galactic model potential is detailed. In Sect. 4 dynamical properties of the orbits are discussed, and in Sect. 5 the globular clusters are classified. The bulge globular clusters are further discussed in Sect. 6, and conclusions are drawn in Sect 7.
DATA
The sample includes 40 GCsfrom the list of bulge globular clusters by Bica et al. (2016, their Table 1 ), for which radial velocities are available. Another 37 GCs from the outer shell and clusters somewhat farther, at distances 3.0 < d GC < 4.5 kpc and some clusters with d GC > 4.5 kpc from the Galactic center (Bica et al. 2016, their Table 2 ), and the halo GC NGC 6752 are also added, with the purpose of identifying differences in the orbital properties among clusters that belong to each Galactic component. Figure 1 shows the location in Galactic coordinates of our total sample that contains 78 clusters.
In Table 1 , we list the cluster parameters employed in this study. Equatorial (α, δ) and Galactic (l, b) coordinates are given in Columns 2 to 5. The heliocentric distance d , in Column 6 is taken from Colour-Magnitude Diagrams (CMDs) and RR Lyrae star distance determination for the clusters HP 1, Terzan 10, NGC 6522, NGC 6626, NGC 6558, Djorgovski 1, Djorgovski 2, NGC 6304, NGC 6624, NGC 6637, NGC 6652, NGC 6717, NGC 6723, and NGC 6362 (Kerber et al. 2018; Barbuy et al. 2018b; Kerber et al. 2019; Ortolani et al. 2019a,b, Oliveira et al. in prep. ) that we consider reliable. For the others, distances from Harris (1996 Harris ( , edition of 2010 , or Baumgardt et al. (2019) were adopted. Radial velocities V r , given in Column 7, are taken from spectroscopy analyses from the literature. The absolute proper motions (PMs), µ * α = µ α cosδ, µ δ , in Column 8 and 9, are the values estimated from the Gaia DR2 (Gaia Collaboration et al. 2018b ) and for the clusters marked with a star we calculated the PMs following the procedure explained below, the uncertainties of PMs include the systematic error of 0.035 mas yr −1 reported by the Gaia Collaboration et al. (2018b) . The metallicties, given in Column 10, available from high-resolution studies reported in Bica et al. (2016, their Table 3) , Barbuy et al. (2014 Barbuy et al. ( , 2018b for NGC 6522 and NGC 6558, derivations from literature and isochrone fittings to Colour-Magnitude Diagrams from our group (Oliveira et al. 2019, in preparation) , and for the remaining clusters the values are adopted from the website by Bruno Dias 1 . Column 11 gives the core radius taken from H10.
For the proper motion derivation from Gaia DR2, we selected the individual stars with the astrometric information including positions and PMs within 5 arcmin from the cluster center. We removed the stars with PM errors > 0.25 mas yr −1 . Then, stars in each cluster were retrieved, within the core radius of each cluster from H10 to estimate the PMs. A selection of member stars was carried out with a combined plot of PMs in both directions, and through a Gaussian mixture model, as shown in Fig. 2 , in order to get the mean PM in each direction and uncertainties. We applied this method to 32 GCs of our sample, and the PM determinations for them are inside 1−σ compared with those estimated by Gaia Collaboration et al. (2018b ), Vasiliev (2019 , and Baumgardt et al. (2019) , expet for Terzan 1 and Terzan 5, that are inside 3−σ. The PMs for the remaining clusters are taken from the new PM determination of GCs using Gaia DR2 from the references above. 6.80 ± 0.68 6.80 6.70 6.0 -7.0 9.50 Terzan 9* 7.10 ± 0.71 7.10 7.10 11.60 -4.90 7.70 Ton 2
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In the past, the measurement of absolute PMs was a difficult task, especially for GCs in the innermost Galaxy, and when available, the uncertainties were large, whereas now with Gaia that issue is essentially solved. Presently, the input distance values are the major source of uncertainty to construct more precise orbits along the Galaxy, and therefore, in the classification of the GCs into a specific stellar population. The distance values for some of them, in particular for the most reddened ones, can be significantly different from H10 or Baumgardt et al. (2019) with their kinematic distance estimations. Table 2 shows a compilation of distances from the literature. The distances used for the orbital integration is given in column 2, the distance from H10 catalog is in column 3, the kinematics distances by Baumgardt et al. (2019) in column 4, distance determinations by Valenti et al. (2007 Valenti et al. ( , 2010 in column 5, the distance estimated by the inverse of the parallax from Gaia Collaboration et al. (2018b) is in column 6, distances taken from isochrone fittings of the CMD and RR Lyrae estimated by our group is given in column 7, and in column 8 is given the distance compilation by Bica et al. (2006) .
The GCs with the largest difference in distance determinations in the literature are Djorg 1, Djorg 2, ESO452SC11, NGC 5927, NGC 6235, NGC 6256, NGC 6316, NGC 6380, NGC 6388, NGC 6401, NGC 6540, NGC 6553, NGC 6638, Palomar 6, Terzan 4, Terzan 5, and Terzan 9.
In order to have a reliable statistical estimate of the uncertainty in distances, we first compared distances from Bica et al. (2006) with those from Valenti et al. (2007 Valenti et al. ( , 2010 for 17 bulge clusters in common. These two samples are independent because the first is mostly optical-based and the other is near-infrared-based, with different reddening dependence and different isochrone sets. From the whole sample we have an uncertainty σ = 1.3 kpc, but by removing two outliers with errors larger than 2 kpc, which clearly have some specific problems, the uncertainty goes down to σ = 0.99 kpc. A second check comparing our adopted distances with respect to Baumgardt et al. (2019) and removing two outliers with differences larger than 4 kpc, this results in a standard deviation of 0.4 kpc. From these two comparisons, we adopt a mean standard deviation 0.7 kpc.
Note that Hilker et al. (2019) report an error on their proper motion distances of 8% at the distance of 7 kpc, which gives an error of 0.6 kpc at the typical distance of the bulge clusters of 7 kpc. This is very consistent with the suggested 0.7 kpc standard deviation.
THE GALACTIC POTENTIAL
In order to construct the orbits of the GCs, in this study we employ a non-axisymmetric model for the Galactic gravitational potential, that is built from an axisymmetric background that includes a Sérsic bulge, an exponential disc made by the superposition of three Miyamoto-Nagai potentials (Miyamoto & Nagai 1975) , following the recipe given by Smith et al. (2015) , and a Navarro-Frenk-White (NFW) density profile (Navarro et al. 1997) to model the dark matter halo, having a circular velocity V 0 = 241 km s −1 at R 0 = 8.2 kpc (Bland-Hawthorn & Gerhard 2016). Even though the mass of the dark matter halo is twice larger than usual halo masses of 1.0 − 1.5 × 10 12 M , with the scale radius we assumed, the rotation curve inside 30 kpc of our model is in agreement with Bland-Hawthorn & Gerhard (2016), as shown in Figure 3 . We also adopted a less massive DM halo, also reducing the scale radius, and not significant differences are found. For the Galactic bar, we used a triaxial Ferrer's ellipsoid, where all the mass from the bulge component is converted into a bar. For the bar potential, we consider a total bar mass of 1.2 × 10 10 M , an angle of 25 • with the Sunmajor axis of the bar, a major axis extension of 3.5 kpc, and a gradient of the bar pattern speed values assumed to be Ω b = 40, 45, and 50 km s −1 kpc −1 . We keep the same bar extension in all cases, for any of the bar pattern speed values. Table 3 gives the parameters used for our Galactic model.
PROPERTIES OF THE GLOBULAR CLUSTER ORBITS
To construct the GC orbits through the Galactic potential, we have employed the Shampine-Gordon integration scheme that is implemented in the nigo tool (Numerical Integrator of Galactic Orbits -Rossi 2015a). We integrated the orbits for the present cluster sample forward in time for 10 Gyr. Using the observational parameters of the GCs given in (Schönrich et al. 2010) . The velocity components of the cluster in the heliocentric reference system U, V, and W are positive in direction of the Galactic center, Galactic rotation, and North Galactic Pole, respectively. We defined as inertial Galactocentric frame of reference the right-handed system of coordinates (x, y, z) where the x-axis points to the Sun from the Galactic Centre and the z-axis points to the North Galactic Pole. We refer to the bar-corotating frame of reference as the righthanded system of coordinates (x r , y r , z r ) that co-rotates with the bar, where the x r axis is aligned with the bar semi-major axis a and z r points towards the North Galactic Pole. For each cluster we generate a set of 1000 initial conditions, where we follow the Monte Carlo technique taking into account the uncertainties on the heliocentric distance, PMs in both directions, and the radial velocity given in Table 1 . The PM uncertainties include the average of the systematic error of 0.035 mas yr −1 reported by the Gaia Collaboration et al. (2018b). These calculations were carried out with the purpose of evaluating how much the orbital properties of the GCs change due to the uncertainties of the observed data. Figure 4 shows some examples of orbits with the three different bar pattern speed values, in the frame co-rotating with the bar, for five GCs of our sample: NGC 6522, Terzan 10, NGC 6352, NGC 6717, and NGC 104 (from top to bottom). The initial conditions for them are the central values given in Table 1 .
The orbital properties we calculate, in the inertial frame of reference, are the perigalactic distance r min , the apogalactic distance r max , the maximum vertical excursion from the Galactic plane |z| max , and the eccentricity defined as e = (r max − r min )/(r max + r min ).
In Table 4 , we present the orbital parameters of our sample of GCs, where we use three values of rotational velocity of the bar Ω b = 40, 45, and 50 km s −1 kpc −1 . For each bar pattern speed, we give the average values of the perigalactic distance, apogalactic distance, the maximum vertical excursion from the Galactic plane, and the orbital eccentricity. The errors provided in each column are the standard deviation of the distribution. We see that for the clusters that are confined in the innermost Galaxy, such as HP 1, Djorg 2, Liller 1, and NGC 6325, the effect of the bar pattern speed is almost negligible. On the contrary, for NGC 5927, the perigalactic distance decreases with the pattern speed. <r max > (kpc) Figure 5 . Membership probability for Ω b = 40 km s −1 kpc −1 . From left to right panel shows the probability that each GC has to belong to the bulge/bar, thick disk, inner halo, and outer halo, respectively. Open red circles highlight the clusters with probabilities between 15% to 85% that are in the boundary of two Galactic component. 
CLASSIFYING GLOBULAR CLUSTERS
In the literature, GCs have been classified based on their spatial distribution, metallicity, and internal and structural parameters (e.g. Aguilar et al. 1988; Minniti 1995; Barbuy et al. 1998; Côté 1999; Bica et al. 2016; Pasquato & Chung 2019) . In this section, we used the orbital parameters of the 78 GCs, calculated in Section 4, to separate the clusters into different stellar populations. We obtained this classification using unsupervised clustering algorithms.
Clustering method
The identification of GCs that are confined or belong to the bulge/bar component, which is the main aim of the present work, is not an easy task because in the innermost part of the Galaxy, all components overlap: the bulge/bar, thick disk, inner halo, and outer halo.
In terms of dynamics, the GCs of each component should share its dynamical properties. Based on this criterion, we employed the orbital parameters (Table 4) to separate the GCs into four Galactic components: bulge/bar, thick disk, inner halo, and outer halo. To do this classification, we employ the Gaussian Mixture Models (GMM), an unsupervised machine learning algorithm that searches for K Gaussian distributions, which fits better a ND parameter space. Based on Bayes's theorem, the GMM algorithm tries to maximize the expression:
where N (x| µ i , σ i ) represents the ith Gaussian distribution with mean µ i and standard deviation σ i . The ì
x is the parameter space.
We employed the 2D GMM clustering algorithm using two orbital parameters: the apogalactic distance r max and the maximum height from the plane |z| max . For the GCs separation, we take into account the contribution of the set of orbits of each GC and the three bar pattern speeds. To prevent confusion in the clustering method, we removed the orbits with r max > 20 kpc.
From the GMM algorithm, we obtain the centre µ i (r max , |z| max ), width σ i (r max , |z| max ), and weight P i of each stellar component. For the present work, a statistical approach was necessary since the classification depends on the distribution of the data in the parameter space and their uncertainties. The GMM was applied from the library scikit-learn (Pedregosa et al. 2011).
Membership probability and GC classification
With the information of the each component provided by the GMM and using a Gaussian distribution probability, we calculate the membership probability that each cluster has to belong to each Galactic component. Figure 5 shows the membership probability for Ω b = 40 km s −1 kpc −1 . The dark blue color indicates the clusters that have probability higher than 85% to belong to the bulge/bar (first panel), thick disk (second panel), inner halo (third panel), and outer halo (four panel) component. The red open circles mark the clusters with probability between 15% to 85%, those clusters are in the boundary between two Galactic components. Table 5 gives the probability for each cluster to be part of the bulge, disk, inner halo, and outer halo, for the three pattern speeds of the bar.
The maximum probability of membership given in Table  5 was used to classify the GCs into each Galactic component. Figure 6 shows a plot of combinations among the orbital parameters, where the colours identify the groups of clusters based on the membership probability. Figure 6 also shows a clear correlation between < r max > and < |z| max >, and an anticorrelation between < r min > and eccentricity.
In Table 6 , we list the GCs that belong to each of the Galactic components. Our sample has 40 out of 43 GCs identified as bulge GCs in Bica et al. (2016) , and based on their dynamical properties, for the pattern speed of 40 km s −1 kpc −1 , we found that 27 of them, have characteristics of bulge GCs with a higher probability, whereas the other 13 GCs (Mercer 5, NGC 6316, NGC 6325, NGC 6355, NGC 6539, NGC 6638, NGC 6652, Ton 2, Palomar 6, Djorg 1, Terzan 3, Terzan 10, and NGC 6723) appear to be intruders from other stellar components, that currently are crossing the central parts of the Galaxy, provided that their distances are confirmed in the future. Additionally, the cluster NGC 6380 and NGC 6569 are part of the bulge GCs in our clasification, therefore we have 29 bulge GCs. Another 37, 9, and 3 GCs are identified as thick disk, inner halo, and outer halo, respectively. There are three clusters, NGC 6535, NGC 6284, and NGC 6333, that change of component with the bar pattern speed. Additionally, there are clusters with significant probability to be in two stellar components. ESO452SC11, NGC 6325, NGC 6352, NGC 6539, NGC 6569, NGC 6626, and NGC 6638 are in the boundary between bulge/bar and thick disk; NGC 6273 and NGC 6535 are between thick disk and inner halo; NGC 6284 and NGC 6333 are between inner halo and outer halo, and those clusters could change with the bar pattern speed. It is important to stress that due to the uncertainties of the data, in particular in the distances, the classification established here, might change in the future when better distance determinations are available. One example is Palomar 6, that with the distance of d = 5.8 kpc puts it in the thick disk component whereas with the distance by Ortolani et al. (1995) of d = 8.9 kpc puts it in the bulge. Figure 7 shows the spatial distribution of the sample GCs, based on our classification and the stellar component with higher membership probability, where we can note that GCs from different Galactic components overlap in the innermost part of the Galaxy.
BULGE GLOBULAR CLUSTERS
Once we identify clusters with high probability to be bulge GCs, we analyze their set of orbits, with the purpose of knowing which bulge GCs follow the bar. To classify orbits, we use the same criteria as Portail et al. (2015b) . The orbit Figure 6 . Orbital parameters as function of the median value ot the perigalactic distance < r mi n >, the apogalctic ditance < r ma x >, the maximum distance from the Galactic plane < |z | ma x >, and average eccentricity e, for Ω b = 40 km s −1 kpc −1 . The four groups are: bulge/bar (purple), thick disk (cyan), inner halo (green), and outer halo (red).
classification employs frequency analysis. First, we compute the fast Fourier transform for each orbit in the Cartesian x coordinate and the Cylindrical radius R, to identify the main frequencies. Then, the orbits for which the frequency ratio f R / f x = 2 ± 0.1 are bar-following orbits. The orbits that are not supporting the bar-shape have a frequency ratio f R / f x 2±0.1. Table 7 gives the percentage of orbits in each bulge GC that support the bar shape. The clusters Liller 1, NGC 6304, NGC 6522, NGC 6528, NGC 6540, NGC 6553, Terzan 5, and Terzan 9 have more than 20% of their orbits that support the bar. The fraction of orbits that follow the Galactic bar decreases with the rotation of the bar, except for the cases of NGC 6304, NGC 6342, and NGC 6637, that increases instead. Also, we found that most of the bulge/bar GCs are not suporting the Galactic bar.
On the other hand, there are bulge GCs that even if they are not supporting the bar shape, they are trapped into a bar resonance such as NGC 6266 and NGC 6558, in the 3:1 resonance.
Additionally, the metallicity distribution function (MDF) of the classified bulge GCs is shown in Figure 8 , where we can note a clear peak at [Fe/H]∼ −1.0, as previously already reported by Rossi et al. (2015b) and Bica et al. (2016) . Figure 9 gives the metallicity as a function of the orbital parameters, the perigalactic and apogalactic distances, the maximum height, and the eccentricity. We cannot see any trend among orbital parameters with the metallicity. Also, the effect of changing the bar pattern speed is almost negligible for the bulge GCs. 
CONCLUSIONS
Combining accurate absolute PMs from Gaia DR2 with distances from RR Lyrae and/or CMD when available, and radial velocities from spectroscopy, we were able to construct the orbits of 78 GCs among the most centrally located in the Currently, we have very accurate proper motions from Gaia, and radial velocities from high resolution spectroscopy, however in most cases there are no accurate distance determinations, and they are crucial to characterize the orbits. Further efforts on distance derivation from accurate CMDs and/or RR Lyrae, are greatly needed.
